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Abstract: Tension wood is considered to be an important defect by the wood processing industries. A considerable
amount of research has been done to determine the presence and structure of tension wood; however, there is a need to
find a quick, practical, and applicable method to evaluate the severity of tension wood. This study investigated whether
zinc-chlorine-iodide (Herzberg reagent) could be applied in determination of tension wood severity. Fagus sylvatica L.
(beech wood), Populus alba L. (poplar wood), and Quercus robur L. and Quercus rubra L. (oak wood) species were used
in this study. The results were compared with safranin/astra blue and acridine orange to verify the accuracy of the
classification of the severity of tension wood. The results showed that the severity of tension wood was incorrect, and in
particular the color reaction obtained with zinc-chlorine-iodide was weak; on the other hand, it was reliable for beech
and poplar woods, where the color reaction was strong.
Key words: Acridine orange, safranin/astra blue, staining methods, tension wood severity, zinc-chlorine-iodide

Çekme odunu şiddetinin boyama metodu ile belirlenmesi
Özet: Çekme odunu endüstriyel alanda önemli bir kusur olarak kabul edilmektedir. Günümüzde çekme odununun
varlığını ve yapısal özelliklerini belirlemek amacı ile yapılmış çok sayıda araştırma bulunmaktadır. Ancak halen, çekme
odunu şiddetini belirleyecek hızlı, pratik ve herkes tarafından kolay uygulanabilecek bir metoda ihtiyaç duyulmaktadır.
Bu çalışma, klor-çinko-iyot boyar maddesinin (Herzberg ayıracı) çekme odunu şiddetinin belirlenmesinde kullanılıp,
kullanılamayacağının belirlenmesi amacı ile gerçekleştirilmiştir. Araştırmada Fagus sylvatica L. (Avrupa kayını), Populus
alba L. (Ak kavak), Quercus robur L. (Saplı meşe), Quercus rubra L. (Kırmızı Amerikan meşesi), türlerine ait odun
örnekleri kullanılmıştır. Klor-çinko-iyot boyar maddesinin meydana getirdiği renk değişiminin koyuluk derecesine göre
yapılan çekme odunu şiddeti sınıflandırmalarının doğruluğu, safranin/astra blue ve acridine orange boyar maddeleri
uygulanarak test edilmiştir. Araştırma sonuçları, klor-çinko-iyot ile elde edilen renk reaksiyonunun özellikle zayıf olması
durumunda, çekme odunu şiddeti ile ilgili yapılan yorumun hatalı olduğunu, renk reaksiyonunun kuvvetli olması
durumunda ise kayın ve kavak odunları için yapılan yorumların güvenilir olduğunu göstermiştir.
Anahtar sözcükler: Boyama metotları, çekme odunu şiddeti, acridine orange, çinko-klor-iyot, safranin/astra blue
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Introduction
Tension wood is a peculiar wood produced in the
upper side of the trunk or branches of angiosperms
with a high tensile stress generated during the
maturation of the cells. The dissymmetry of stress
between the upper face (high tensile stress) and
opposite face (low tensile stress) induces an active
generation of the main trunk or a predetermined
angle of the branches (Sinnot 1952; Wardrop 1964;
Fisher and Stevenson 1981; Archer 1986; Fournier et
al. 1994; Wilson and Gartner 1996).
Tension wood affects the technologic properties of
wooden materials since it has different physical,
anatomical, and chemical characteristics in
comparison with normal wood. Tension wood is
thought of as an important wood defect because it
causes negative alterations in solid wood quality and
limits industrial utilization of wood. Tension wood is
an impediment to successful conversion to solid
timber because of defects that develop during drying
(Bekele 1995; Northway 1996; Northway and
Blakemore 1996; Washusen et al. 2000) or distortion
in solid wood during sawing due to the release of high
longitudinal growth stresses that are generated by
tension wood tissue (Dinwoodie 1965; Dinwoodie
1966; Nicholson et al. 1972; Nicholson 1975; Trenaud
and Guéneau 1975; Boyd 1977; Sasaki et al. 1978;
Boyd 1980; Kubler 1987; Okuyama et al. 1990;
Wahyudi et al. 1999; Wahyudi et al. 2000; Washusen et
al. 2003). Most often, the major impact of tension
wood occurs when it is in one side of a piece of
lumber. Differential shrinkage between normal wood
and tension wood then results in warp. Tension wood
is also responsible for the buckling that occurs in
veneer drying (Maeglin 1987). Information pertaining
to the strength properties of tension wood seems to
be rather limited and is not always consistent.
Generally, tension wood is weaker in most strength
properties than normal wood; the differences are
usually not large enough to constitute a hazard if the
material containing tension wood is used in the usual
specifications for the construction purposes (Hughes
1965).
The problems arising from tension wood impact
may be significant or nominal, depending on the
amount and dispersion of tension wood inside the
stem wood (Lim 1998). One of the most important

issues in the wood processing industries is to
determine whether solid wood comprises tension
wood or not. A cross-section of a board may offer
some signs due to its altered structure. For instance,
when a stem wood containing tension wood is
examined, it is observed that the cross-sections are
not round, the pith is of an eccentric structure, and
the larger radius is always at the top. While the growth
rings in tension wood are wide, they are narrow in
opposite wood because it grows under suppression,
yet exceptions may be observed. Some researchers
have asserted that growth rings present in tension
wood are of a shiny and silky appearance, and those
are designated as white rings (Clarke 1937; Sacre
1959; Gonet 1971; Ohta 1979; Kroll et al. 1992; Jourez
1993). The tension wood component is dark in color
in some tropical trees (Bozkurt and Erdin 2000). The
distribution of tension wood over a cross-section is
usually not homogeneous; it may be found mixed
with normal wood cells.
Despite the features of tension wood mentioned
above, it is not always easy to determine the presence
of tension wood macroscopically in solid wood. Even
a highly experienced woodworker may have trouble
distinguishing tension wood. Today, analysis by
macroscopic methods (naked eye, staining methods,
growth stress index, longitudinal and tangential
shrinkage, density evaluation, ultrasounds, X-rays,
and NMR techniques) and microscopic methods
(investigation of microscopic sections, longitudinal
and tangential shrinkage, and fiber length and yield)
are being extensively used in determination of tension
wood. Previous studies on the presence of tension
wood have shown that the staining method is the
procedure most often resorted to for determining
tension wood and ascertaining the modifications
occurring in chemical composition in respect to
normal wood and the distribution inside the tree stem
(Chow 1946; Siebers 1960; Von Aufsess 1973; Leclercq
1989; Chantre 1993; Jourez 1993; Srebotnik and
Messner 1994; Grzeskowiak et al. 1996; Sewalt et al.
1997; Yoshizawa et al. 2000; Vasquez-Cooz and Meyer
2002; Badia et al. 2005; Badia et al. 2006). Tension
wood is characterized by the occurrence of fibers with
a particular morphology and chemical composition
due to the development of the so-called gelatinous
layer (G-layer), which is mainly composed of
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crystalline cellulose (Norberg and Meier 1966; Côté
et al. 1969). Therefore, the staining methods are based
upon the differences in chemical composition
between tension wood fibers and normal wood fibers,
though the G-layer is not always present.
A number of studies have been performed by
biologists, histologists, and material scientists to
determine tension wood; however, it still constitutes a
big problem for wood processing industries.
The starting point of this study was to find a quick
and practical method applicable by everyone to
determine the severity of tension wood. This study
aimed to investigate whether zinc-chlorine-iodide
(Herzberg reagent) among the staining methods, used
in macroscopic diagnosis of tension wood, could be
utilized in determination of tension wood severity, in
accordance to the intensity level of color reaction that
it generated. Since it was observed that zinc-chlorineiodide generated color reactions at different grades of
density on different samples belonging to the same
wood species in some laboratory studies previously,
this dye was tested in the study.
Materials and methods
Selection of experimental samples and method
applied
This study was performed on wood samples
obtained from the Austrian forests belonging to the
University of Natural Resources and Applied Life
Sciences, Department of Material Sciences and
Process Engineering, Institute of Wood Science and
Technology Laboratories, Vienna, Austria. Fagus
sylvatica (beech wood), Populus alba (poplar wood),
and Quercus robur and Q. rubra (oak wood) species
were examined.
This study was carried out in 3 different stages.
First, wood samples, of which the cross-sections were
most similar to ellipses, with piths farther from the
center and growth rings wider in the bigger radius
sections, were selected. It was then decided which of
the stem cross-sections would be used. Zinc-chlorineiodide (Herzberg reagent) was applied on the stem
cross-sections and the color alteration and its intensity
degree were observed macroscopically. The stem
cross-sections were graded from light to dark colors as

tension wood at low-mild and high severity in
accordance to the intensity degree of color reaction.
Two stem cross-sections were taken from each wood
species at each severity level of tension wood, while
Q. robur was used for low and high severity tension
wood, and Q. rubra for mild severity. Eighteen stem
cross-sections were studied in total.
After choosing the wood samples, the number of
gelatinous layers in the microscopic sections was
determined visually by application of safranin/astra
blue and acridine orange. It was then determined
whether the results of the 2 staining methods and
those of zinc-chlorine-iodide were compatible with
each other.
The 3 dyes were also applied on normal wood
surfaces in order to test the accuracy of the results.
Sample preparation
Three wood strips were properly cut from the
parts of the stem cross-sections of each wood species
at 2 cm in height from the pith toward the bark. The
first strip was prepared at 5 cm in width and the 2
others at 1 cm in width. The strips were used in
determination of tension wood severity by staining
those of 5 cm in width with zinc-chlorine-iodide; the
2 others were stained using safranin/astra blue and
acridine orange, respectively.
Staining methods
Zinc-chlorine-iodide
Zinc-chlorine-iodide is used as a reagent for
distinguishing tension wood, which is stained
purplish or reddish-brown, in contrast to normal
wood, which stains yellow (Chow 1946; Grzeskowiak
et al. 1996), or zinc-chlorine-iodide stains tension
wood to bluish-gray/bluish-purple and normal wood
to yellowish-brown (Bozkurt and Erdin 2000).
Chlorine destroys hydrogen bonds between
macropolymers of cellulose and thus promotes the
accumulation of iodide molecules in between (Badia
et al. 2005).
Experimental samples were selected upon the
color change grade by applying zinc-chlorine-iodide
on the stem wood sections at the beginning of the
study. This was repeated in order to display how this
color change was produced on selected samples. The
surfaces of samples were sanded to reduce roughness
383
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and enhance surface quality, and the dye was then
applied on the whole surface with a brush. Images
were taken with a Zeiss Stemi 2000-C
stereomicroscope equipped with a Sony CCD camera
to observe color change.
Safranin/astra blue
Safranin is the indicator for lignin and astra blue is
the indicator for cellulose in the double staining
method, which is conducted with safranin/astra blue.
Safranin stains lignin to red and astra blue stains
cellulose to blue (Von Aufsess 1973; Lillie 1977).
The double staining method with safranin/astra
blue was applied on microscopic sections. The
samples used to apply zinc-chlorine-iodide were
utilized to determine which parts of the wood strips
would be cut for microscopic sections. As distribution
of tension wood on the transverse sections was not
homogeneous, the zones in which color reaction in
the samples indicated the strongest presence of
tension wood at low, mild, and high severity levels
were detected. The samples, measuring 10 mm (radial
direction) × 10 mm (tangential direction) × 20 mm
(longitudinal direction), were then cut from the parts
overlapping upon wood strips. The samples were kept
under vacuum in the presence of alcohol, glycerin,
and water in order to soften them. Transverse sections
at 20 mm of thickness were cut from the softened
samples using a Reichert sliding microtome.
Microscopic sections were stained with safranin/astra
blue based on standard techniques, and they were
then transformed into permanent slides. The color
change produced on transverse sections by the double
staining method was examined with a Zeiss Axioplan
2 imaging microscope, and the images of microscopic
sections were taken with a Zeiss AxioCam HRc
camera and AxioVision 4Ac software.
Acridine orange
Acridine orange is a widely used fluorochrome
that has been used for cellulose detection (Robertson
et al. 1992). Many studies were conducted on
microscopic sections of various wood species under
fluorescent light, which confirmed that cellulose
turned different colors in the reactions (green,
reddish-brown, and orange/light green) (Graham and
Corden 1981; Schwarze and Fink 1998; Bruckner et
al. 1999; Baum et al. 2000; Yang et al. 2007).

In this method, wood strips prepared from stem
cross-sections were used instead of microscopic
sections by adopting a different approach in the
application of acridine orange. The surfaces of the
wood strips were grinded from rough to fine, starting
with sandpaper No. 100 through sandpaper No. 400 to
obtain high quality surfaces. While determining the
position of the zones upon which the acridine orange
dye would be applied, the method used in the
preparation of samples to be treated by safranin/astra
blue was pursued. The zones determined on the crosssections were marked and dye was applied to these
parts with a brush. After a wait of 5 min for
penetration of the dye, the color reaction produced
was examined. A CCD camera (AxioCam HRc, Zeiss)
was used to take images of the sections with a light
microscope (Axioplan 2 Imaging, Zeiss) equipped
with fluorescence optics. The sections were then
observed under the blue fluorescent light.
Results
This study showed that zinc-chlorine-iodide
changed the color to black in the parts of the samples
containing tension wood. Each wood species was
classified as comprising tension wood of low-mild and
high severity according to the intensity extent of the
color reaction (Figure 1). The same dye was applied
to the wood samples without tension wood for
comparisons (Figure 2). When the photos of normal
wood samples were examined, it was seen that there
was darkening in very light hues in some areas of the
beech and poplar wood. On the other hand, no color
variations were detected in the oak wood samples.
This phenomenon suggested the presence of incipient
tension wood (Barefoot 1963) in beech and poplar
wood samples, in which the presence of tension wood
was not observed during microscopic examinations.
The results obtained with safranin/astra blue and
acridine orange, used to test the accuracy of
classification implemented in relation to tension
wood severity by application of zinc-chlorine-iodide,
are given in Table 1.
The wood samples interpreted as containing
tension wood at low severity for producing a weak
color reaction with zinc-chlorine-iodide disclosed
mild tension wood severity for poplar wood and high
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Figure 1. Classifications of tension wood severity from low to high degrees, according to the intensity extent of color reactions with zincchlorine-iodide. a), b), and c) poplar wood; d), e), and f) beech wood; g), h), and i) oak wood.

tension wood severity for beech and oak woods with
safranin/astra blue (Figures 3a-3c).
The poplar, beech, and oak wood samples were
considered to contain a mild severity of tension wood
with zinc-chlorine-iodide and exhibited a high, mild,
and low severity of tension wood with safranin/astra
blue, respectively (Figures 3d and 3f).
The wood samples were interpreted as containing
a high severity of tension wood with zinc-chlorineiodide and disclosed a high severity of tension wood
for poplar and beech woods and low severity of
tension wood for oak wood with safranin/astra blue
(Figures 3g-3i).

In this study, cellulose produced a blue color
reaction with safranin/astra blue, and lignin reacted
with a light pink color reaction with safranin. It was
observed that the thickness of the cellulosic G-layer
in tension wood fiber cells increased in accordance
with tension wood severity in beech and oak wood
samples. Thus, it was seen that the blue color reaction
became stronger in connection to the severity of the
tension wood (Figures 3b, 3c, and 3h). As for poplar
wood, it was observed that the G-layer was not
strongly bound to fiber cell walls, and it did not fill
the cell lumens completely or give a strong blue color
reaction in connection to the severity of the tension
wood (Figures 3a, 3d, and 3g).
385
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Figure 2.

c

b

a

Wood samples without tension wood stained with zinc-chlorine-iodide. a) poplar wood, b) beech wood, c) oak wood.

Table 1. Classifications of tension wood severity according to color reactions.
Zincchlorineiodide

Figure

Safranine/astra
blue

Figure

Acridine orange

Figure

Poplar

low
mild
severe

1a
1b
1c

mild
severe
severe

3a
3d
3g

mild
severe
severe

4a
5a
6a

Beech

low
mild
severe

1d
1e
1f

severe
mild
severe

3b
3e
3h

severe
severe
severe

4b
5b
6b

Oak

low
mild
severe

1g
1h
1i

severe
low
low

3c
3f
3i

severe
mild
low

4c
5c
6c

Wood
species

Dyes/Severity of
tension wood

That cellulosic G-layer produced a shiny greenishyellow color reaction, and the zones situated outside
of this layer were seen with blue hues determined by
examinations performed under blue fluorescent light,
following the staining process accomplished with
acridine orange. It was observed that the greenishyellow color became more evident as the thickness of
the G-layer in fiber cells increased, and that the
greenish-yellow color reaction also weakened as
thickness decreased (Figures 4a and 5a).

chlorine-iodide meanwhile exhibited a high severity
of tension wood for poplar and beech woods and mild
severity for oak wood with acridine orange (Figure 5).

The poplar, beech, and oak wood samples
considered as having a low severity of tension wood
with zinc-chlorine-iodide meanwhile exhibited a
mild, high, and high severity of tension wood with
acridine orange, respectively (Figure 4).

The safranin/astra blue and acridine orange were
also applied to the wood samples without tension
wood in order to test the reliability of the study results.
The wood samples became homogeneously pink with
safranin/astra blue. On the other hand, the wood
samples produced clear blue hues with acridine
orange as a result of the absence of G-layers in the
fiber cells (Figures 7 and 8).

The wood samples considered as having a mild
severity of tension wood in macroscopic examinations
for producing a very dark color reaction with zinc-

It was determined that the poplar, beech, and oak
wood samples considered as having a high severity of
tension wood for producing a very dark color reaction
with zinc-chlorine-iodide exhibited high, high, and
low tension wood severity with acridine orange,
respectively (Figure 6).
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Figure 3. The control samples of tension wood severity stained with safranin/astra blue. a) mild severity of poplar wood, b) high severity
of beech wood, c) high severity of oak wood, d) high severity of poplar wood, e) mild severity of beech wood, f) low severity
of oak wood, g) high severity of poplar wood, h) high severity of beech wood, i) low severity of oak wood. The scale bar for a,
b, d, g, and h is 40 μm; the scale bar for c, e, f, and i is 100 μm.

Discussion
This study evaluated whether zinc-chlorine-iodide
(Herzberg reagent), one of the methods used in
macroscopic determination of tension wood, could be
employed likewise in determination of the severity of
tension wood.

In previous studies, staining methods were used
only to detect and confirm the presence of tension
wood (Chow 1946; Siebers 1960; Von Aufsess 1973;
Leclercq 1989; Chantre 1993; Jourez 1993; Srebotnik
and Messner 1994; Grzeskowiak et al. 1996; Sewalt et
al. 1997; Yoshizawa et al. 2000; Vasquez-Cooz and
Meyer 2002; Badia et al. 2005; Badia et al. 2006).
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a

a

b

c

Figure 4. The control samples for low severity of tension wood at
the macroscopic level stained with acridine orange. a)
mild severity of poplar wood, b) high severity of beech
wood, c) high severity of oak wood. Scale bar = 200 μm.

b

c

Figure 5. The control samples for mild severity of tension wood at
the macroscopic level stained with acridine orange. a)
high severity of poplar wood, b) high severity of beech
wood, c) mild severity of oak wood. Scale bar = 200 μm.
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a

a

b

b

c
c

Figure 6. The control samples for high severity of tension wood
at the macroscopic level stained with acridine orange. a)
high severity of poplar wood, b) high severity of beech
wood, c) low severity of oak wood. Scale bar = 200 μm.

Figure 7. The wood samples without tension wood stained with
safranin/astra blue. a) poplar wood, b) beech wood, c)
oak wood. Scale bar = 100 μm.
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a

b

c

Figure 8. The wood samples without tension wood stained with
acridine orange. a) poplar wood, b) beech wood, c) oak
wood. Scale bar = 200 μm.

While some researchers used zinc-chlorine-iodide
at the macroscopic level (Grzeskowiak et al. 1996;

Bozkurt and Erdin 2000), others used it at the
microscopic level (Chow 1946; Wardrop and
Dadswell 1948; Rawlins and Takahashi 1952;
Patscheke et al. 1961; Patel 1962; Robards and Purvis
1964; Lim 1998; Schwarze and Fink 1998; Yoshizawa
et al. 2000; Fang et al. 2008). Grzeskowiak et al. (1996)
reported that the tension wood appeared purplish or
reddish-brown whereas normal wood appeared
yellow in color. Bozkurt and Erdin (2000) reported a
bluish-gray or bluish-purple color for tension wood
and yellowish-brown for normal wood. In the current
study, the tension wood produced black hues, but
normal wood turned to a yellow or yellowish-brown
color after application of zinc-chlorine-iodide. Badia
et al. (2005) found that this method was not as
efficient for poplar wood, since the analysis of tension
wood distribution in the disk was difficult to perform
in some cases. In contrast, we determined that zincchlorine-iodide was reliable for poplar when it
showed an especially strong color reaction.
Most of the previous studies reported that
safranin/astra blue was a quite reliable stain to detect
and confirm tension wood occurrence (Von Aufsess
1973; Panshin and DeZeew 1981; Srebotnik and
Messner, 1994; Sewalt et al. 1997; Lim 1998; Schwarze
and Fink 1998; Yoshizawa et al. 2000; Vazquez-Cooz
and Meyer 2002; Vazquez-Cooz and Meyer 2004;
Badia et al. 2005; Badia et al. 2006). The results of
those studies were similar to the results of the current
study, and zones with more or less gelatinous fibers,
blue in color, were easily identified microscopically.
Various studies were performed using acridine
orange microscopically under the fluorescent light,
showing different color reactions such as green,
reddish-brown, and orange/light green for cellulose
(Graham and Corden 1981; Schwarze and Fink 1998;
Bruckner et al. 1999; Baum et al. 2000; Yang et al.
2007). In the current study, acridine orange was
applied on wood strips by means of a brush; tension
wood produced a shiny greenish-yellow color and the
zones outside of this layer appeared in blue hues. It is
thought that the differences among color reactions in
the studies arose from the different materials and
techniques used.
In the current study, the interpretation given in
relation to tension wood severity was erroneous,
particularly in the case that the color reaction
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obtained with zinc-chlorine-iodide was weak; and the
interpretation given was dependable for beech and
poplar woods but not for oak wood, when the color
reaction was strong. Safranin/astra blue and acridine
orange serving as controls were compatible with each
other in the vast majority of cases. Since human errors
may affect evaluations, it is necessary to act very
carefully in evaluations of tension wood, especially at
low and mild severity, for the level of color reactions
produced with zinc-chlorine-iodide. The probability
of committing an error is extremely high in wood

species having dark-colored heartwood. Moreover,
the color reaction in wood samples lasts for around
15-20 min. Consequently, the intensity extent of the
color reaction must be decided within this period.
The performed method in this study should be
applied on different wood species, as tension wood
bears properties depending on the species, and the
results should be also confirmed by comparing them
with each other. This research may provide a basis for
further studies to determine the severity of tension
wood.
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